dominant conservation paradigm in Africa, which had fixated on large mammals in protected areas for over 60 years, began to be replaced by a more inclusive approach, which recognized humans as an integral component of biodiverse landscapes and the need for conservation to account human needs and effects. The persistence of biodiversity was seen to depend on active conservation not only in parks and reserves but also in areas that lacked formal protection, and were occupied by humans and livestock (see discussion in Hutton et al., 2005) . At the same time, a conceptual revolution among public and private agencies in the United States sparked what is today a global conservation agenda, originally known as "ecosystem management" (Grumbine, 1994 (Grumbine, , 1997 Keough and Blahna, 2006) , that aims to sustain the integrity of ecological processes across vast landscapes. Twenty years on, the papers in this volume document some of the approaches and progress toward landscape conservation that have been achieved in the Ewaso landscape of northern Kenya.
Ranchers in Laikipia District, the southwestern sector of the Ewaso region, were motivated to promote wildlife as a source of income by a weakening beef market (Heath, 2000) and by growing recognition of the potential value of wildlife on their land. After a 14-year hiatus, Kenya was once again experimenting with sanctioned harvesting of wildlife on private land (Kock, 1995) . Those wishing to participate were required by the national conservation authority, Kenya Wildlife Service (KWS), to create and join management associations. To meet this need, the Laikipia Wildlife Forum (LWF) was launched in 1991 as a company of private and communal landholders with a shared interest in wildlife management and conservation. With investors foreseeing greater returns from nonconsumptive uses of wildlife, ecotourism enterprises proliferated on private and communal properties in the region. Cooperation among landholders favoring wildlife was spurred by growing awareness of the need to maintain sufficient space for species like elephants, lions, and wild dogs, whose survival depended on continuing freedom to range across far greater areas than even the largest individual property.
That most of Africa's protected areas were never designed to maintain, on their own, ecologically viable populations of these wide-ranging mammals has long been recognized and often repeated, at least in the conservation BOX 1. Defining the Ewaso ecosystem.
For the purposes of this book, the Ewaso ecosystem is arbitrarily defined by the geographical extents of two large-scale processes that have been selected as long-term targets for conservation: dry-season river flow and elephant migration. Two "water towers" that collect much of the region's rainfall, the Aberdare Range (3,999 m) in the southwest and Mount Kenya (5, 199 m) in the southeast, are drained to the north by many streams that ultimately combine to form two perennial rivers (Figure 1) . These are the Ewaso Nyiro and Ewaso Narok, which are confluent in the central "Laikipia Plateau," continuing to flow northward and then eastward through the Samburu, Buffalo Springs, and Shaba National Reserves and ultimately to the Lorian Swamp. This drainage system is not exceptional in that water abstraction for irrigation and household use has escalated in recent decades, particularly in the upper reaches of the catchment, leaving progressively less water available for people, livestock, and wildlife in the drylands below. Accordingly, the functional ecosystem "boundary" encompasses the upper drainage basin of the Ewaso Nyiro and Ewaso Narok rivers as far as the eastern boundary of Samburu District.
Elephants have been shown to migrate immense distances up and down elevation and rainfall gradients in this region, seeking food and water on a seasonal basis. Reasoning that the viability of elephants in the region depends on their seasonal migrations, and that if elephant migration can be conserved, then many other species and ecosystem processes will also benefit, elephants have assumed strategic prominence in conservation planning for this landscape. Accordingly, the known extents of their migrations beyond the Ewaso Basin are also encompassed within the rectangle that delineates the Ewaso ecosystem.
These criteria define a vast (~40,000 km 2 ) and geographically diverse region, including the entirety of Laikipia District (9,666 km 2 ) and parts of adjacent Samburu, Meru, Isiolo, and Marsabit Districts to the north and east (Figure 2) . A wide diversity of habitats, land cover types, and land uses (Figure 2 ) are associated with the elevation and climatic gradients that characterize this region, from cool, wet highlands in the south to hot, dry lowlands in the north. Most of the wildlife occur in the wetter, southwestern sector of the region, on private ranches in Laikipia District (Figure 3 ). These range from alpine moorlands above 3,000 m on Mount Kenya and the Aberdare Range, through protected montane rain forests and an intensively cultivated moist zone to dry savanna grasslands and bushlands at lower elevations. Mean annual rainfall varies from around 300 mm in the northeast to more than 1000 mm in the south, increasing with elevation to around 1300 mm in the forested zones on Mount Kenya. Rainfall is highly variable but trimodal, falling mainly in April-May, November, and August, with a pronounced dry season in January-March.
literature (Soulé et al., 1979; Western and Ssemakula, 1981; Western, 1982 Western, , 1989 Western and Gichohi, 1993; Newmark, 1996 Newmark, , 2008 . In most cases, the wild animals that generate tourism revenue for national or local governments within unfenced parks and reserves would soon perish if denied access to surrounding lands that are privately or communally held. But to most who own or use this land, wildlife is a liability. They may incur losses from crop raiding or be threatened or even killed by elephants, and their livestock are vulnerable to predators and disease (Woodroffe et al., 2005) . Almost invariably, wildlife ultimately lose these conflicts with humans, becoming displaced by development and incompatible land use changes. As a result, wildlife is increasingly confined to protected islands that are too small to ensure their long-term viability. With diminishing options to expand existing parks and reserves, attention turned toward habitat and biodiversity conservation in areas that were not formally protected, most of them communally owned or used. A variety of conservation initiatives, labeled integrated conservation and development projects, community-based conservation projects, and numerous variations on this theme spread across the continent from southern Africa, aiming to create incentives for landholders and land users to conserve wildlife and natural resources (e.g., Western and Wright, 1994; Barrow and Murphree, 2001; Fabricius et al., 2004; Child, 2004) .
Similar concerns in North America about the inadequacy of national parks to sustain viable populations of large mammals like grizzly bears and progressive habitat fragmentation in natural areas adjacent to parks prompted a search for ways to conserve large-scale ecological processes across diverse landscapes, only parts of which were formally protected. Today, an ecosystem or landscape approach dominates most conservation strategies, aspiring to integrate the use and management of natural resources in sustainable ways across spatial scales that better match the historical extents of natural ecosystem processes (e.g., Pirot et al., 2000) .
Economic rationale provided the impetus for these changing conservation strategies. In many African cases, landholders and land users were not expected to conserve biodiversity unless they benefited, largely by realizing market values of wildlife via ecotourism, trophy hunting, or sale of live animals (e.g. Child et al., 1997) . The ecosystem management approach went still further, ultimately calling for the full value of "ecosystem services" to be assessed and captured (e.g., Daily, 1997) , for the full costs of economic development to be accounted, and for development and exploitation of natural resources to be appropriately priced and thus truly sustainable.
About to come of age, these community-and marketbased approaches to landscape conservation have had mixed results. Some community-based projects in Africa have made remarkable progress (e.g., Weaver and Skyer, 2003) , but most have struggled to alleviate poverty, conserve biodiversity, or both, for several reasons (Newmark and Hough, 2000) . The conception and operation of community-owned enterprises have inherent uncertainties as to individual rights and communal benefits, hampering solutions that are both workable and equitable (Logan and Moseley, 2000; Mburu and Birner, 2002; Walpole and Thouless, 2005) . National or local governments have been reluctant to devolve to local communities the responsibility for and ownership of-or at least rights to-land and wildlife (Child and Jones, 2006) . The management and governance capacity of communities often fall short of the minimum needed to sustain small businesses (Spiteri and Nepal, 2006) . Wildlife and natural habitats continue to lose ground wherever competing land uses provide greater benefits to landholders (Norton-Griffiths and Southey, 1995) . Conserving ecosystem services will not necessarily conserve biodiversity (Ghazoul, 2007) . Basing a strategy on biodiversity does not necessarily conserve large-bodied wildlife. And it seems unlikely that the inclusive costs of development, or the full value of ecosystem services, will be captured by markets soon enough to make a substantial difference (Egoh et al., 2007; Kroeger and Casey, 2007) . For many large African mammals, their habitats, and the large-scale ecological processes that they define, overall trends continue downward.
These discouraging trends have led some to reconsider the validity and potential of incentive-based approaches to conservation in human-occupied landscapes and to recommend a return to providing sanctuary for wildlife in additional protected areas (see discussion in Hutton et al., 2005) , or Transfrontier Conservation Areas (Hanks, 2003; Wolmer, 2003; Munthali, 2007) . Although this will help, opportunities to create or expand protected areas continue to diminish. Moreover, sustaining natural processes in areas that are not formally protected is hardly optional, not only in the survival interests of biodiversity but also of humanity. A more hopeful outlook sees progress to date as an exercise in defining the complexity and scope of the challenge (Adams and Hulme, 2001) , which is colossal and has been persistently underestimated.
TOWARD LANDSCAPE CONSERVATION IN NORTHERN KENYA
Despite media-generated impressions of teeming wildlife, Kenya is not exceptional in that most of its wildlife populations have been declining, and their habitats fragmenting, for decades (Box 2). These trends and their causes have been documented at both local (e.g., Lamprey and Reid, 2004) and national levels. Habitat loss and fragmentation due to expanding settlement, land subdivision, and spread of incompatible land uses such as cultivation, clearing of woodland for charcoal production, consumption of bushmeat, displacement by livestock, proliferation of firearms, and local outbreaks of the rinderpest virus ( today eradicated globally) are widely recognized to be the proximate causes. There is broad agreement that transformative policy measures are needed to arrest, preferably to reverse, these trends, but consensus is lacking as to what those measures should be. Projecting these seemingly irresistible trends forward, it is hard to conclude other than that Kenya's wildlife, its wilderness image, and its tourism sector have a bleak outlook.
The primary challenge is to justify enough space for wildlife so that large-scale ecological processes that ensure their survival, such as seasonal migration by elephants, can continue as before. Toward these ends, much effort and donor funding have been spent in Kenya, attempting to engage landholders in wildlife conservation, to some effect. Stable or increasing wildlife trends on some private and group-owned properties provide rare exceptions to nationally declining trends (Box 2).
The most substantial progress toward landscape conservation has been made in the Ewaso region of northern Kenya (Figure 1, Box 1) . In its southwestern sector (Laikipia District), wildlife was once suppressed to promote beef production on large-scale ranches. Following the switch from ranching to conservation and ecotourism, which began in the 1980s, wildlife abundance increased dramatically and today is exceeded only in Kenya's premier reserve, the Masai Mara (which is much larger and wetter, and therefore more productive). The region holds more endangered mammals than anywhere else in the nation, including the world's largest remaining concentrations of Grevy's zebra and reticulated giraffe. More than 30 ecotourism ventures and community enterprises based on natural products have sprouted. Seven rhino sanctuaries The dynamics of large-bodied (>20 kg) herbivore species have been monitored throughout Kenya's rangelands since 1977 by the Department of Resource Surveys and Remote Sensing (DRSRS, formerly the Kenya Rangeland Ecological Monitoring Unit, KREMU). Using mostly aerial sampling methods (Norton-Griffiths, 1978) and repeatedly surveying entire districts at a time, results are sufficient to measure coarse changes over vast areas. There have been several summaries of overall trends, all showing net declines in most areas (Figure 4) . Grunblatt et al. (1996) concluded that wildlife in Kenya's rangelands declined by 33% between 1977 and 1994. Further analyzing results of de Leeuw (1998), Western et al. (2009) concluded that wildlife abundance in 17 districts declined by 38% between 1977 and 1997. A separate analysis by Ojwang' et al. (2006) showed declining wildlife trends in Kajiado District to continue into the early 2000s (excepting plains zebra and elephants). At these rates, and assuming a linear trend, the overall decline by 2011 is projected to be about 60%.
Supplementing data from additional sources, Western et al. (2009) showed that trends inside protected areas were also mainly downward. Between 1977 and 1997 wildlife declined in most protected areas, precipitously in Tsavo and Meru National Parks. In the 1990s steep declines were recorded in Nairobi, Nakuru, and Amboseli National Parks. In areas adjacent to protected areas, wildlife declined sharply around Tsavo National Park and the Masai Mara National Reserve (Western et al., 2009 ; see also Ottichilo et al., 2000; Homewood et al., 2001; Thompson and Homewood, 2002) .
There have been some notable exceptions. Steeply declining elephant and rhino numbers in the 1970s and 1980s were reversed in the 1990s. For elephants, this was achieved by an international ban on ivory trading and stringent enforcement within Kenya. For black rhinos, a well-organized collaboration between national wildlife authorities and private landowners has allowed numbers in small but heavily guarded sanctuaries to increase.
Perhaps most promising, wildlife numbers in private conservation areas have remained steady or even tended to increase in recent decades (Western et al., 2009) . In Laikipia District (the southwestern sector of the Ewaso ecosystem), wildlife increases between 1977 and the early 1990s were largely due to a resurgence of plains zebra and elephants. Since 1990, declines in some prey species, especially on properties investing in conservation, were ultimately found to signal a further conservation success: the restoration of predators in that region (Georgiadis et al., 2007a) .
Today, the largest proportion of Kenya's wildlife, about 40%, is found on private and communally owned land (Western et al., 2009 ). An additional 25% is scattered at low density across vast stretches of dry rangeland, much of it held in trust by local governments. Of the 35% remaining within formally protected areas, fully two-thirds are in the Masai Mara Reserve, with Amboseli and Nakuru National Parks holding most of the rest. The future of Kenya's wildlife depends on the success of conservation on private and communally owned lands that lack formally protected status.
have been established. Furthermore, an initial strategic conservation plan for the landscape has been drafted.
The importance of this region is that wildlife share most of the largely unfenced landscape with varying densities of people and livestock. Only about 5% of the total land area of around 40,000 km 2 has formally protected status, with an additional 1% set aside exclusively for wildlife in (private) fenced reserves. Land uses and management practices have varied widely as landownership and attitudes toward wildlife among landholders have changed over the last century. The result is a mosaic of properties with contrasting histories, land uses, management practices, ownership attitudes, and densities of livestock and wildlife (Georgiadis et al., 2007b) . Such diversity over time and space provides a microcosm of the variability in land use existing across much of dryland Africa, and an instructive model system for large-mammal conservation in human-occupied landscapes.
Conservation success in the Ewaso region has spawned new problems, including aggravated conflict between humans and wildlife in some areas. However, necessity, in turn, is breeding creative solutions to these problems. Solutions have emerged from original research, based largely at Mpala Research Centre, from engagement with communities, through the Laikipia Wildlife Forum, Lewa Wildlife Conservancy, Northern Rangeland Trust, and others, and from a strong entrepreneurial spirit among many of the landholders themselves. Although the collaboration that produced these advances is likely to remain unique, many of the emerging solutions are applicable, with appropriate adaptation, elsewhere.
THE PAPERS
The papers in this volume document approaches, tools, and practices that have led to conservation advances in the Ewaso region. They add to the record of progress in ways intended to promote conservation in this and other unprotected landscapes like it. The targeted readership is landholders and land users, wildlife authorities, the donor and investment sectors, and conservation communities in similar landscapes elsewhere. The rationale and focus of each of the papers in this collection are sketched below.
In the paper following this introduction, Lane begins by outlining the pre-Colonial history of human occupation in the Ewaso region, describing interactions between pastoralist and foraging communities, and interpreting evidence for continuity and change in patterns of settlement.
In the third paper, Georgiadis et al. address the challenge of monitoring wildlife and the human attributes that compete with wildlife for space and resources in unprotected landscapes. Aerial sample surveys, a method widely applied to census wildlife and livestock in Africa, are reassessed in the context of meeting needs for finer-grained information at a time of escalating costs.
In the fourth paper, Pringle et al. review results of long-term studies that examine the indirect ecological effects of large herbivorous mammals, including cattle, on less charismatic species that share the landscape, including small mammals, reptiles, invertebrates, and soil microbes. These studies paint a clearer portrait of how humans and livestock modify natural systems and what conservationists mean when they refer to maintaining or restoring "ecological integrity."
In the fifth paper, Augustine et al. synthesize research on rangelands in central Laikipia, highlighting positive interactions between cattle and wild herbivores. They describe how livestock management practices can benefit wildlife through soil nutrient redistribution and how native browsers can enhance forage production for grazers.
The sixth and seventh papers focus on how humans and predators live with each other in this landscape. Frank's studies reveal how management of both livestock and lions can be adapted to enhance coexistence between them. Romañach et al. assess attitudes toward predators by landholders and land users in the Ewaso region and their tolerance of livestock losses to predators, relative to socioeconomic factors.
In the eighth paper, Gitahi and Fitzgerald describe the legal framework for landownership in Kenya, highlighting existing and proposed mechanisms for conserving wildlife habitat on private land, such as easements and leases. These tools are not yet widely used, but they present some of the most promising mechanisms for providing the space wildlife will require to survive outside of protected areas.
Finally, Didier et al. describe the results of a strategic planning exercise for conserving the Ewaso landscape, the first of its kind in Kenya. More than 40 researchers and conservationists collaborated to define and prioritize conservation and investment needs for specific biodiversity and development objectives in a spatially explicit manner.
OUTLOOK
Kenya formally recognized the importance of conserving ecosystem processes in 1995 and was one of the first countries in the world to adopt an objective, systematic approach to mapping and prioritizing landscapes and seascapes for conservation at the national level. The policy was abandoned after only a year, and institutional turmoil prevented readoption of an ecosystem conservation agenda until 2005. In the interim, with no clearly defined strategy to guide conservation action, the nation's biodiversity continued to dwindle. Today, national policy and political will are still insufficiently aligned with this ecosystem imperative to effect the changes that are necessary to conserve Kenya's biodiversity. The principal challenge is to justify enough space for wide-ranging species like elephants and large predators to persist in ecologically viable populations. Given human population demands for land, that nonhuman land users do not vote politicians into office, and that economic returns from wildlife are typically lower than from competing interests, the likelihood of meeting this challenge for many areas is low. We hope this volume will help to propagate awareness about the importance and threatened status of Kenya's ecosystems and promote confidence that a policy can be crafted that will reverse their decline.
